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Summary
Grapevine 'Pinot gris' virus (GPGV) is a newly emer-
gent virus associated with the appearance of grapevine 
leaf mottling and deformation disease (GLMD). The 
worldwide spreading of this virus, and sometimes of the 
associated disease, that has occurred in the last years, 
requests further epidemiological studies to verify the 
progress of natural infection in the field. In the present 
paper, GPGV infection and spatiotemporal spreading of 
GLMD, investigated in two vineyards with high disease 
occurrence, confirmed an elevated presence of the virus 
in vineyards of Northeastern Italy, and revealed an 
increasing of symptomatic plants over the time. At the 
same time, the progress of natural infection was moni-
tored after the placement of new grafted plants near the 
symptomatic grapevines in the infected vineyards. After 
three years, 76 % of the plantlets that were initially GP-
GV-free became GPGV-infected, giving an evidence of 
the fast transmission of GPGV in the field. Only 14 % of 
the plantlets, all collocated inside a patch with diseased 
plants, showed typical GLMD-symptoms. Interestingly, 
some plantlets, which were already GPGV-infected with 
the "asymptomatic" GPGV variant before planting in 
the field, did not become infected with the "symptomat-
ic" viral wild variant after three years and never showed 
GLMD symptoms.
K e y  w o r d s :  GPGV detection; GPGV variant; grapevine; 
'Pinot gris' disease; spatiotemporal spreading. 
Introduction
Grapevine leaf mottling and deformation (GLMD) is a 
grapevine pathology identified for the first time in 2003 in 
'Pinot gris' (giampetruzzi et al. 2012). Symptoms include 
chlorotic mottling, mosaic and deformation of leaves, 
shortened internodes, stunting, and reduced yields of pro-
duction. The trichovirus named grapevine 'Pinot gris' virus 
(GPGV) has been associated with the GLMD disease, and 
the manifestation of the symptoms has been correlated with 
the presence of different viral variants and/or with high vi-
ral titre (Giampetruzzi et al. 2012, Saldarelli et al. 2015, 
Bertazzon et al. 2017). 
After its first discovery, the virus has been later detected 
in the main European viticultural regions (martelli 2014, 
pleško et al. 2014, BeuVe et al. 2015, Bertazzon et al. 2016, 
eichmeier et al. 2016 and 2017, reynard et al. 2016, ruiz-
garcía and olmoS 2017, aBou kuBaa et al. 2018, SilVa et al. 
2018). The virus has also been reported in Korea, Pakistan, 
China, Uruguay, Canada, United States, Brazil and Australia, 
proving to have a high worldwide distribution (cho et al. 
2013, Jo et al. 2015, al rwahnih et al. 2016, angelini et al. 
2016, Fan et al. 2016, pooJari et al. 2016, Xiao et al. 2016, 
FaJardo et al. 2017, wu et al. 2017).  The finding of GPGV 
in different countries and in many grapevine varieties has 
been sometimes associated with observation of symptoms 
of leaf mottling and deformation (cho et al. 2013, pleško 
et al. 2014, Fan et al. 2016, pooJari et al. 2016, reynard 
et al. 2016, moran et al. 2018, Spilmont et al. 2018). In 
some cases, due to the frequent presence of multiple viral 
infections, the association of specific symptoms with GPGV 
infection has not been possible (glaSa et al. 2014, BeuVe 
et al. 2015, FaJardo et al. 2017). 
Surveys performed on a number of grapevine sam-
ples in different countries revealed variable incidence of 
GPGV infection. Low viral prevalence (less than 3 %) was 
reported in Australia, Pakistan and Spain (raSool et al. 
2017, ruiz-garcia et al. 2017, wu et al. 2017). Higher 
prevalence (between 10 and 20 %) of GPGV infection were 
detected during surveys carried out in Canada and Brazil 
(Xiao et al. 2016, FaJardo et al. 2017). Elevated presence 
of GPGV (more than 20 %) was described in investigations 
performed in China, Slovakia and Poland (glaSa et al. 
2014, Fan et al. 2016, eichmeier et al. 2017). However, the 
highest prevalence of GPGV infections (more than 78 %) 
were reported in vineyards of Northeastern Italy, with larger 
values on samples collected from plants displaying GLMD 
symptoms (Bianchi et al. 2015, Saldarelli et al. 2015, 
Bertazzon et al. 2017). 
The widespread occurrence of GPGV in vineyards 
of many countries seem to be relatively recent. Indeed, 
Bertazzon et al. (2016) suggested the spreading of GPGV 
from some Eastern European countries to the other parts of 
Europe to happen after 2010. In Italy, a comparative anal-
ysis of samples collected in different years in the Veneto 
region (Northeast Italy) revealed the absence of GPGV in 
the grapevines tested before 2010, and a wide presence of 
the virus in samples collected in subsequent years (Bertaz-
zon et al. 2016). gentili et al. (2017) confirmed the recent 
introduction of GPGV in Sardinia and Lazio (Southern and 
Central Italy), as the virus was not detected in grapevines 
older than 10 years. A recent GPGV spreading was hypothe-
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sized also outside of Europe. Indeed, a survey performed on 
Brazilian grapevines revealed an elevated GPGV prevalence 
(78.3 %) in recently imported grapevine cuttings, and lower 
viral presence in the oldest imported plants (3.8 %) and in 
germplasm collections (11 %) (FaJardo et al. 2017).  
The spatiotemporal distribution of GPGV likely sug-
gests a role of trading of infected grapevine propagation 
material (FaJardo et al. 2017), and locally a vine-to-vine 
spread operated by vectors. Some studies reported the 
apparent lack of natural transmission of the virus, as as-
sessed by the analysis of vines surrounding infected plants 
(al rwahnih et al. 2016, wu et al. 2017). In other works, 
an increase of infected vines in a 3-year period suggested 
the active spreading of the virus in vineyards (martelli 
2014, Bertazzon et al. 2018). Natural transmission of 
the disease in vineyards could be caused by the eriophyid 
grape bud mite Colomerus vitis, a monophagous vector of 
the virus in controlled conditions (malagnini et al. 2016). 
Moreover, another polyphagous vector could be involved 
in the epidemiology of GPGV, given the presence of the 
virus in vineyard's neighboring woody and herbaceous hosts 
(gualandri et al. 2017, demian et al. 2018). Further studies 
are needed to understand the involvement of putative vectors 
in the epidemiology of GPGV and the associated disease. 
In the present study, GPGV infection and spatiotemporal 
spreading of GLMD were investigated in two vineyards 
with high virus and disease occurrence. At the same time, 
the progress of the natural infection was monitored after 
the placement of new grafted plants near the symptomatic 
grapevines in the infected vineyards. The appearance of 
GLMD symptoms and GPGV infection were checked over 
three years.
Material and Methods 
P l a n t  m a t e r i a l  a n d  v i s u a l  s u r v e y :  The 
study was carried out in the Veneto region, in two vineyards, 
named CIS and COL, with high occurrence of symptomat-
ic plants and a significant clustering of grapevines with 
symptoms, which had been verified by spatial analysis with 
PATCHY program according to Bertazzon et al. (2017). 
Both vineyards, cultivated with 'Glera', were older than 
30 years and subject to frequent replacement of individual 
vines. In 2014, from each vineyard, leaf samples were col-
lected from 15 grapevines and frozen at -80 °C for further 
analysis of GPGV. Ten samples were collected inside the 
patch with the disease: five from symptomatic and five from 
asymptomatic plants. Further five samples were collected 
from asymptomatic plants located far from the patch with 
the diseased plants.
In the same year, 66 grafted plants of 'Glera' had been 
sprouted during early spring in a greenhouse and tested 
for presence of GPGV and other grapevine viruses. In 
late spring, the plantlets were planted into the previously 
described vineyards: 20 plantlets were placed in the CIS 
vineyard inside the patch with symptomatic plants, so that 
every new plantlet was close to at least one diseased plant 
along the row, and 46 plantlets were placed in the COL 
vineyard, 18 of them in the area where symptomatic plants 
were clustered, and 28 far from the patch with the diseased 
plants. Visual surveys of GLMD symptoms were performed 
in "old" and newly planted vines for three years: at the end 
of the vegetative season in 2014, and in the middle of the 
vegetative season in 2015 and 2016. Plants with symptoms 
were identified and marked, and every year a bidimensional 
map was produced, using the software QGIS version 3.4.4. 
(www.qgis.org). At the same time, from each plantlet, leaf 
samples were collected and frozen at -80 °C for molecular 
analysis.
A n a l y s e s  o f  G P G V :  Collected frozen leaf 
samples, maintained at -80 °C (100 mg), were homogenized 
in liquid nitrogen, and total RNA was extracted using the 
RNeasy Plant Mini Kit (Qiagen) with a protocol described 
by mackenzie et al. (1997). One µg of RNA was then 
reversely transcribed at 42 °C for 50 min using Moloney 
Murine Leukemia Virus reverse transcriptase (Invitrogen) 
and DNA random primers (Roche Diagnostic).
 GPGV detection was carried out by means of SYBR 
Green real-time RT-PCR assays with primer pair CPF3/R3, 
targeting the coat protein region of the virus (Bertazzon 
et al. 2017). The assays were carried out on a Bio-Rad 
thermal cycler (model CFX96) in 96-well plates using the 
2X Platinum SYBR Green qPCR Supermix-UDG (Invitro-
gen). PCR reactions were performed at least in duplicate, in a 
total volume of 10 μL, including 0.3 μM of each primer and 
1 μL of cDNA. The thermal protocol consisted of a decon-
tamination step of 3 min at 50 °C to allow for optimal UDG 
(Uracil DNA Glycosylase) enzymatic activity, followed by 
3 min at 95 °C in order to activate the Platinum Taq pol-
ymerase, to deactivate the UDG and to denature the DNA 
samples. Subsequently, 50 cycles of a two-step protocol, 
consisting of 5 sec of denaturation at 95 °C and 30 sec of 
annealing/extension at 60 °C, were performed.   
 Samples that tested positive for GPGV with real-time 
RT-PCR assays were subsequently amplified by means of 
conventional RT-PCR with primer pair DetF-DetR, using 
Taq DNA Polymerase (Sigma-Aldrich, USA) and cycling 
condition reported by Saldarelli et al. (2015). Charac-
terization of GPGV variants was performed by means of 
RFLP analysis, which allowed the discrimination of isolates 
belonging to clade A or to clade B/C, mainly associated to 
absence and presence of symptoms, respectively, according 
to Bertazzon et al. (2017). In detail, aliquots of the obtained 
DNA products were digested with BamHI (MBI Fermentas) 
according to the manufacturer’s instructions. Restriction 
products were then separated by electrophoresis on 1 % 
agarose gel stained with GelRed (Biotium Inc.) and visual-
ized with GelDoc XR UV transilluminator (Biorad).
 Statistical tests were performed with the chi-square 
(χ2) test in the IBM Statistical Package for Social Science 
(SPSS) program.
Results and Discussion
E v o l u t i o n  o f  G P G V  i n f e c t i o n  a n d 
G L M D  s y m p t o m s  i n  t h e  " o l d "  g r a p e v i n e s : 
The presence of GPGV in the two vineyards was at first as-
sessed in 30 samples collected in 2014. The virus occurred 
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in 100 % of the samples collected from symptomatic plants 
(10) and in 100 % of those collected from asymptomatic 
plants inside and far from the patch with diseased grape-
vines (20) (Table). GPGV isolates belonging to clade B/C, 
generally associated with symptoms, were detected in all 
the samples collected from symptomatic grapevines and in 
eight samples collected from plants without any symptoms 
of GLMD. Another 12 samples coming from asymptomatic 
plants contained isolates of clade A, generally associated 
to absence of symptoms. No significant difference on the 
prevalence of GPGV variants infecting grapevines inside 
or far from the patch with the disease was detected. These 
results confirmed that elevated rates of GPGV infection 
are harboured in vineyards with a lot of symptomatic 
plants, as reported in Bertazzon et al. (2017). Moreover, 
GPGV detection on both symptomatic and asymptomatic 
plants, and the presence of "symptomatic" viral variants on 
asymptomatic plants, confirmed the ambiguous correlation 
between the occurrence of the disease and the virus (Bianchi 
et al. 2015, Saldarelli et al. 2015, Bertazzon et al. 2017, 
Spilmont et al. 2018)
GPGV-infected scion or rootstocks (data not shown). Twelve 
out of 66 grafted plants were found to be already GPGV-in-
fected with the "asymptomatic" viral variant (clade A), and 
they were equally divided, during plantation, between CIS 
and COL vineyards. Analysis performed on the remaining 
54 healthy plants during the three years of trial revealed 
that the overall percentage of GPGV infections increased 
from 18 % after one season, to 31 % in the second year, and 
reached 76 % in the third year. 
In detail, in the CIS vineyard the greatest increase of 
viral infection occurred after only one vegetative season, 
with 43 % of healthy plants that became infected (Fig. 2). 
Afterwards, 67 % and 82 % of plantlets were found to be 
GPGV-infected in the second and third year, respectively. 
The characterization of the GPGV isolates revealed the 
presence of the "symptomatic" viral variant (clade B/C) in 
all the grapevines that became infected. 
A high occurrence of GPGV was also observed in the 
COL vineyard, with 75 % of plants that became infected 
during the three years (Fig. 3). Only four out of 40 plants 
were GPGV-infected at the end of the vegetative season in 
2014. The highest increase of infected plants was recorded 
in the third year. Indeed, the percentage of plants that tested 
positive for GPGV rose from 22 % in 2015 to 75 % in 2016. 
A high infection rate was detected for plants located inside 
the patch with the disease, where 19 %, 37 % and 87 % 
of the vines tested positive for GPGV in the course of the 
three years. GPGV variants of both A and B/C clades were 
detected in the newly infected plants. In grapevines planted 
far from the area with the aggregation of symptomatic plants, 
the percentage of GPGV-infected plants increased from 4 % 
to 12 % and to 67 % in the first, second and third year, respec-
tively (Fig. 3b). In this case, viral variants belonging to clade 
A were predominant in the newly infected grapevines (nearly 
77 %). The differences in GPGV infection rates measured 
between plantlets placed inside or far from the patch with the 
disease were not statistically significant (suppl Fig. 2). Over-
Table
Numbers of GPGV positive grapevines and characterization of viral 
isolates ("asymptomatic" A, or "symptomatic" B/C) on samples 
collected from "old" plants on CIS and COL vineyards in 2014. 
For each vineyard, 10 samples were collected inside the patch with 
the disease: five from symptomatic and five from asymptomatic 
plants. Another five samples were collected from asymptomatic 
plants located far from the patch with the diseased plants
Vineyard CIS COL
Viral variant A B/C A B/C
No. of sympt. in the patch 0 5 0 5
No. of asympt. in the patch 2 3 3 2
No. of asympt. far from the patch 4 1 3 2
Total 6 9 6 9
The monitoring of GLMD-symptoms revealed an 
increase of symptomatic plants in the three years, with a 
different extent between the two vineyards (Fig. 1, suppl. 
Fig. 1). The highest increase was observed in the CIS vine-
yard (76 %): the number of symptomatic plants (out of 480 
surveyed) raised from 48 in 2014 to 65 in 2015 and 77 in 
2016, with the new symptomatic plants aggregated in close 
proximity to the formerly diseased grapevines. Conversely, 
an increase of only 19 % of symptomatic plants was detected 
in the COL vineyard, in which the number of symptomatic 
plants (out of 900 monitored) ranged from 66 in 2014 to 
68 in 2015 and 79 in 2016. 
E v o l u t i o n  o f  G P G V  i n f e c t i o n  a n d 
G L M D  s y m p t o m s  i n  t h e  " n e w "  p l a n t l e t s : 
The detection of GPGV was initially performed on samples 
collected after plantlet sprouting in greenhouse. At this 
stage, the detection of GPGV is already possible on one 
year-infected grafted plants. Indeed, during our previous 
studies the presence of GPGV could be clearly identified in 
the first year after grafting on grafted plants obtained from 
Fig. 1: Cumulative spatial distribution of symptomatic vines in 
COL vineyard in 2014 (pink cells), 2015 (red cells) and 2016 (blue 
cells). Asterisks indicate the collocation of "new" plantlets: in the 
area where symptomatic plants were clustered (yellow asterisks), 
and far from the patch with the diseased plants (black asterisks).
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all, one of 12 grafted plants, already infected with GPGV 
before plantation, died after two years. On the remaining 
plantlets, the same initially detected "asymptomatic" viral 
isolate was recorded after three years from planting, whereas 
the "symptomatic" variant was not detected.
In this work several plantlets, that were initially GP-
GV-free, became GPGV-infected soon after the planting into 
the vineyards with high prevalence of GLMD syndrome, 
giving an evidence of the fast transmission of GPGV in 
the field. The high rate of new GPGV infection observed 
in the present study reveals that the spreading of the virus 
could be very fast in the field, and could explain the high 
prevalence of GPGV infection reported by many authors 
in vineyards of Northeastern Italy (Bianchi et al. 2015, 
Saldarelli et al. 2015, Bertazzon et al. 2017). Moreover, 
the rapid insurgence of several new infections suggests the 
involvement of a very efficient transmission. The patchy 
distribution of "old" GLMD-symptomatic grapevines in CIS 
and COL vineyards fits with the involvement of a vector, 
such as C. vitis, in the field transmission of the virus (Bertaz-
zon et al. 2017). Although a detailed monitoring of C. vitis 
was not performed, leaf erinea were observed every year in 
both vineyards on old and newly planted grapevines. The 
presence of "symptomatic" and "asymptomatic" variants in 
the newly infected plantlets, observed in the COL vineyard, 
agrees with the ability of C. vitis to transmit GPGV from 
both infected symptomatic and asymptomatic grapevines, 
as recently reported by malagnini et al. (2018). Endemic 
plants growing on the edges surrounding the vineyards, 
abundant near the patch with symptomatic plants in both 
CIS and COL vineyards (Fig. 1, suppl. Fig. 1), could have 
a role in the dissemination of the virus (gualandri et al. 
2017, demian et al. 2018) and should be further analysed 
for the presence of GPGV.
Despite the high number of new GPGV infections, 
only few plantlets showed GLMD symptoms during the 
three years of trial (suppl. Fig. 3). Overall, 14 % of the 
grapevines newly planted in the two vineyards showed 
typical GLMD-symptoms (Figs 2 and 3). All of them were 
infected with GPGV variants belonging to clade B/C and 
were located near symptomatic plants in the vineyard. A 
large number of plantlets became symptomatic in the CIS 
vineyard, characterized by the highest increase of diseased 
grapevines registered over three years. In the COL vineyard, 
only one plantlet manifested symptoms in the first year of 
plantation, and further two plants became symptomatic the 
year later. In parallel, in the CIS vineyard symptoms of 
GLMD appeared on two plants in the second year of plan-
tation, and on another four plants in the third year. Recently, 
tarquini et al. (2019) hypothesized an involvement of the 
plant-mediated RNA silencing in the recovery of GPGV 
infected plants, as a possible explanation of the frequent 
absence of GLMD symptoms in GPGV infected grapevines 
in the field. However, they reproduced GPGV infection using 
viral clones under controlled conditions, without the influ-
ence of environmental factors, such as the interaction with 
other pathogens, agronomical factors, vectors and abiotic 
stresses. Interestingly, in the present study, during the three 
years of trial, the appearance of GLMD symptoms, both in 
"old" and "new" previously asymptomatic plants, occurred 
Fig. 2: Results of molecular analyses performed on young plantlets collocated in the CIS vineyard. The numbers of different GPGV 
isolates ("asymptomatic" – A, or "symptomatic" - B/C) is reported. The number of plantlets showing GLMD symptoms is also indicated. 
Fig. 3: Results of molecular analyses performed on young plantlets planted in the COL vineyard inside the patch with the disease (a) 
or far from this area (b). The number of plants infected with different GPGV isolates ("asymptomatic" – A, or "symptomatic" - B/C) is 
reported. The number of plantlets showing GLMD symptoms is also indicated.
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exclusively inside/near the patch with the disease in both 
vineyards, thus suggesting an involvement of environmental 
factors in the appearance of recordable symptoms. It can be 
supposed that external factors in the vineyard may inhibit 
the activation of the RNA silencing machinery, and maintain 
the viral titre at high level, allowing the manifestation of the 
disease (Bertazzon et al. 2017).
Interestingly, plantlets that were already GPGV-infected 
with the "asymptomatic" viral variant before planting in the 
field, never showed GLMD symptoms. Characterization of 
GPGV isolates, performed three years later, revealed that 
none of these plants became infected with the "symptomatic" 
variant. Despite the restricted number of plants, it could be 
speculated that infection with the "asymptomatic" isolate 
of GPGV could protect plants against subsequent infection 
with the "symptomatic" isolate. This phenomenon, known 
as cross-protection, has been reported between closely re-
lated strains of several viruses, and it seems to depend on 
triggering RNA silencing (gal-on et al. 2006). In grapevine, 
cross-protection was observed for Nepoviruses: indeed, 
mild strains of Grapevine Fan leaf Virus (GFLV) or Arabis 
Mosaic Virus (ArMV) were able to protect plants against 
severe GFLV strains (huSS et al. 1989, komar et al. 2008). 
In some cases, cross-protection has been exploited to protect 
plants from infection with severe viral strains and consequent 
production losses (zieBell et al. 2010). Further studies are 
in progress to investigate the mechanisms that take place 
during mixed infections of different GPGV variants, in 
order to describe a possible involvement of "asymptomatic" 
isolates in preventing the appearance of GLMD symptoms. 
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